deep EC neuron are shown in Figure 2 .
firing rate could be used to predict the animal's future Scale bars for spikes: 1 ms, 100 V.
choice of outside arm (prospective coding) for outbound paths or correlated with the animal's past location (retrospective coding) for inbound paths. We use the terms We first characterized differences in the spatial selectivity of firing across these different regions by computretrospective and prospective coding to refer to the event (coming from or going to a particular outside arm) ing the values of two measures that quantify spatial firing properties, average field length and position information that was temporally closest to the cell's predictive or Figure 5D . Figure 4 . These plots show retrospective coding on the center arm can be underthe firing rate of the cell along two paths, one involving stood as representing the same position differently, dethe left and center arms and the other the right and pending on the phase of the task in which the animal is center arms. In each plot a region on the center arm about to engage or the phase of the task it has just where the cell fired at a significantly higher rate on one completed. In other words, our results suggest that CA1 path as compared to the other is highlighted by a blue and the deep EC can represent the connection between box. the animal's current position and its past and future To ensure that this activity is truly reflective of a representation dependent on past or intended future location, behavior along a path through the environment. extract useful associations between locations and the behaviors relevant to them.
Data Analysis
After each recording session the data were transferred to Linux work Experimental Procedures stations for analysis. A custom software package (Xclust, M. W.) was used to cluster the spike waveforms from each tetrode into putative Behavioral and Electrophysiological Methods single neurons. Only data from the run periods of the recording are Four adult male Long-Evans rats, three to six months of age, were food deprived, handled, and trained to run along a U-shaped track, examined here. We estimated that the background noise level was ‫53ف‬ V, and we eliminated all units with a mean peak waveform also where it has been or where it intends to go. We defined the choice point (CP; see Figure 1 ) to be several centimeters ‫)7-4ف(‬ amplitude of Ͻ70 V, resulting in an average signal-to-noise ratio of at least two to one. In general, only a few neurons could be from the "T" junction at the end of the center arm, so that between the food well on the center arm and the choice point, the animal's isolated from each EC tetrode. For tetrodes in CA1, we examined the spatial firing properties of every cell from each tetrode and, for lateral position did not differ substantially depending on which outside arm it was heading toward or coming from. We calculated the each cell that appeared to have been recorded from across multiple data sets, we eliminated the cell from all but one of the data sets.
firing rate of each neuron in a 35 cm window beginning at the CP and extending toward the food well on the center arm and determined We examined the spatial firing properties of the units by examining the firing of each unit along the paths between food wells. For the whether firing rate could be used to predict the animal's future choice of outside arm (prospective coding) for outbound paths or W track, the four paths the animal ran along were examined (center to left arm, left to center arm, center to right arm, and right to center correlated with the animal's past location (retrospective coding) for inbound paths. The window was then shifted by multiples of 17.5 arm) while for the U track, the two paths from the left to right arm and from the right to left arm were examined. We separated the cm from 0 to 105 cm along the center arm toward the food well, and each window that overlapped with the neuron's field was examined. four paths by defining a bounding box around each food well and determining the times the animal exited from that box on the way That allowed us to examine where along the track prospective or retrospective activity was present. to another food well. A path was defined as the set of positions between box exits and therefore includes the time spent at the end To determine whether a unit's firing rate in a single window on the center arm showed prospective or retrospective coding, we food well of each path. We then defined a set of line segments that were located along the center of each path and, for each position ␤ i r i position, thereby translating a set of positions into a set of distances along the path for each path. We then binned those distances into where p is the probability that the animal came from or was going 4.2 cm bins. The animals often ran at speeds over 1 m/s, and this to the left arm, ␣ is an intercept term, n is the number of windows relatively large bin size was chosen to ensure that there was at least being included in the model (1 for the single window analyses), ␤ i one position sample in each bin for each run along a path. We is a coefficient for the rate variable for the ith window, and r i is the computed the firing rate of each unit in each bin. To further reduce rate in the ith window. The GLM estimates the ␣ and ␤ i coefficients the effect of high velocities on position sampling, each unit's binned and yields T values that can be used to evaluate the probability of firing rate was smoothed with a six point Gaussian window with a the hypothesis that the rate variable r i predicts p, the outside arm standard deviation of one. the animal is going to or coming from. For a few neurons the binomial We analyzed the activity of each unit along each path by computmodel did not converge, so a Gaussian model was used instead. ing two measures of position specificity: average field size and
The GLM with the Gaussian model is identical to normal regression. position information. We defined a "place field" as the set of adjacent If a unit had a field on the center arm both outbound and inbound, locations at least 10 cm long over which the firing rate of the neuron the two directions were considered independently as two different was above one-fourth of its maximum firing rate. Adjacent fields neurons. A neuron was considered to show prospective or retrowhere two high-firing rate regions were separated by firing at above spective coding in a particular window if the T value from the firing one-eighth of the neuron's maximum rate were considered to be a rate coefficient , where i indexes over the position bins in the environment, P i is the probability that the animal was in bin i, R i is the mean firing rate in bin 1990, 1996) were met: (1) the lateral position distributions were statistically indistinguishable at the p Ͻ 0.05 level, (2) the two the i, and R is the mean firing rate over the environment. It is important to note that the pairs of outbound (center to outside arms) and inbound edges of the 95% confidence intervals for the distributions of head direction were not more than 10Њ apart, and (3) the edges of the (outside to center arm) paths on the W track contain the same section of the center arm in the same direction. We treated those 95% confidence intervals for velocity were not more than 5 cm/s apart. paths as distinct because subsequent analyses (see below) demonstrated that a large fraction of CA1 and EC neurons fire differently
The above analyses examine each window independently so that the proportion of cells showing prospective or retrospective coding on the center arm depending on where the animal has come from (inbound paths) or is intending to go (outbound paths), and thus the in each window could be examined. To determine the total proportion of cells showing prospective or retrospective coding anywhere fields on the center arm for the inbound or outbound paths were often different.
on the center arm, we used the GLM model with n ϭ 7 to include all windows and applied a 2 test with a criterion of p Ͻ 0.01 to the After characterizing the basic spatial firing properties of units in CA1 and the EC, we examined the relationship between the activity model with each r i term added sequentially. That yielded a p value for each r i variable, and the neuron was regarded as showing significant of CA1 or EC neurons on the center arm of the track and the animal's previous or subsequent presence on one of the outside arms of the prospective or retrospective coding if any r i corresponded to a p Ͻ 0.01 and at least one single window from the first GLM model track. These analyses were designed to determine if CA1 or EC firing patterns can reflect not only the animal's current position but showed significant prospective and retrospective coding that was not associated with differences in the animals lateral position, head
